Background: Effective medication is limited for the relief of intermittent claudication, a common manifestation of arterial occlusive disease. Cilostazol is a potent inhibitor of platelet aggregation with vasodilation effects.
I
NTERMITTENT claudication is a debilitating condition that severely restricts a person's ability to walk and thus, to perform ordinary daily activities of independent living. Intermittent claudication, a pain or ache in muscle groups of the lower limbs that occurs with walking and subsides with rest, is caused by a deficient blood supply in exercising muscle and is associated with lower extremity arterial occlusive disease. 1 In the United States, lower extremity arterial occlusive disease may affect up to 20% of the older adult population. 2 Approximately 70% of patients with lower extremity arterial occlusive disease present with claudication as their sole symptom. 3 A patient with intermittent claudication may experience a progressive decline in physical functioning-as the claudication worsens, the less the patient walks; the less the patient exercises, the more general cardiovascular status deteriorates.
In the United States, the most common pharmacological approach to intermittent claudication is pentoxifylline. Additional classes of drugs include vasodilators, antiplatelet agents, anticoagulants, prostaglandins, and prostaglandin analogs that have been suggested or tested as possible treatment for claudication and vary in result. Clinical trials demonstrating the effectiveness of all these agents are limited. Medical therapy has routinely included exercise programs and the modification of risk factors such as smoking, sedentary lifestyle, and diet, but patient participation and compliance are often disappointing. Arterial bypass or percutaneous transluminal angioplasty may be appropriate and effective for some patients with severe, incapacitating claudication. 4 However, these procedures are not indicated for the many patients whose severity of intermittent claudication does not warrant the attendant risks of invasive procedures. An effective medication that clearly improves physical functioning could provide an important addition to the limited therapeutic armamentarium currently available.
Cilostazol (6-[4-(1-cyclohexyl-1H-tetrazol-5-yl) butoxyl]-3,4-dihydro-2(1H)-quinolinone, OPC-13013, CAS 73963-72-1) is a type III phosphodiesterase inhibitor. Although its mechanism of action is not fully understood, cilostazol is thought to inhibit cyclic adenosine monophosphate phosphodiesterase, which leads to an increase in cyclic adenosine monophosphate in platelets and blood vessels, and to promote the effect of prostaglandin I 2 , an endothelial cell-derived substance that inhibits platelet aggregation and relaxes vascular smooth muscle. Cilostazol is an antithrombotic agent that inhibits platelet aggregation and increases vasodilation. Its antiplatelet activity is 10 to 30 times more potent than aspirin. 5 This study evaluated the safety and efficacy of cilostazol in relieving intermittent claudication. We sought to find whether cilostazol, 100 mg and 50 mg, taken orally twice a day, will significantly improve the pain-free and maximal walking distances among individuals with intermittent claudication when compared with baseline and placebo.
PATIENTS AND METHODS

STUDY DESIGN
This multicenter, randomized, double-blind, 24-week, placebo-controlled, parallel trial assessed the safety and efficacy of cilostazol, 100 mg or 50 mg, taken orally twice a day in relieving intermittent claudication. A total of 37 outpatient vascular clinics in tertiary hospitals and medical schools throughout the United States participated. Men and women 40 years or older who had at least a 6-month history of stable, symptomatic intermittent claudication secondary to lower extremity arterial occlusive disease, who demonstrated reproducible walking distances on screening treadmill tests, and who terminated all screening treadmill tests solely because of claudication pain, were eligible for inclusion in the study. During a minimum 3-week screening period, patients had to demonstrate evidence of stable disease by having pain-free walking distance (initial claudication distance) results between 30 and 200 m on 2 consecutive treadmill tests, with 25% or more variance between results. The treadmill test was a constant-rate, constantgrade design with a 12.5% incline and speed of 3.2 km/h (2 mph). Additional entry criteria were a resting ankle brachial index of 0.90 or less and a 10 mm Hg or more decrease in ankle artery blood pressure following the onset of maximal walking distance (absolute claudication distance).
Exclusionary criteria included ischemic pain at rest, gross obesity, childbearing potential, hypertension (Ͼ200 mm Hg systolic or Ͼ100 mm Hg diastolic supine resting blood pressure), current metastatic malignant neoplasm, exercise-limiting cardiac disease, and history of bleeding tendencies, as well as concomitant use of antiplatelet, anticoagulant, vasoactive, hemorrheologic, or nonsteroidal anti-inflammatory agents. Occasional use of acetaminophen, diclofenac sodium, or nitroglycerin was allowed. Before undergoing screening procedures, patients signed an informed consent form approved by the institutional review board at each participating center.
The sample size required to ensure 80% power of detecting a doubling of the cardiovascular morbidity and all-cause mortality event rate was 143 patients per group, based on a 5% significance level (2-sided). Therefore, enrollment was set at 150 patients per treatment group to show a between-group difference in the combined end point of morbidity and mortality. Because fewer patients were needed for the primary efficacy end point of improvement in treadmill walking distances, the protocol allowed 8 investigational centers to waive the requirement for patients randomized at their centers to undergo treadmill testing and Doppler-measured limb pressure assessments. These randomized patients, primarily monitored for safety and exempt from efficacy treadmill testing and Doppler data, underwent all other assessments and were evaluated for safety the same as the nonexempt patients (ie, those monitored for safety plus efficacy treadmill testing).
ASSIGNMENT AND BLINDING
On completing the screening period, eligible patients were randomized to double-blind treatment with 50 mg or 100 mg of cilostazol or placebo. Randomization of eligible patients was stratified by each clinical center. A master randomization list of patient code assignments to the test medications (100 mg, 50 mg, or placebo) was developed using a permuted-block design. The master list was then forwarded to the drug packaging company, where a separate medication supply was prepared for each unique patient code. All 3 test medications had a similar appearance. Patient compliance with study medication was assessed by having the patient return all used and unused treatment cards at each scheduled dispensing visit.
PATIENT EVALUATION
Patients were evaluated 3 times at baseline and at weeks 4, 8, 16, 20 , and 24. Efficacy evaluations included exercise treadmill testing assessments of pain-free and maximal walking distances; Doppler-measured bilateral peripheral limb pressures assessed before exercise and 1, 5, and 9 minutes following
RESULTS
PATIENT DISPOSITION
As shown in the flow diagram of patient disposition (Figure 1) , 663 patients were screened for eligibility, 516 of whom were randomly assigned to treatment: 175 patients received cilostazol, 100 mg, twice a day, 171 patients received cilostazol, 50 mg, twice a day, and 170 patients received placebo. All 516 patients were assessed for safety. A subgroup of 419 patients (safety and efficacy subgroup), which represented 81.2% (419/516) of the randomized population, were included in the efficacy intent-to-treat analysis of treadmill data. The additional 97 patients (safety-only subgroup), who were randomized but did not undergo postrandomization treadmill tests, were equally distributed between treatments. Of the 419 patients in the efficacy intent-to-treat group, 316 (75.4%) completed all treadmill visits up to week 24. The 98 patients (18.9%) who withdrew from study participation, 75 (14.5%) of whom because of any adverse events, were also equally distributed between treatment groups.
Demographic data are shown in Table 2 . Randomized patients were primarily white (88.6%) and male (76.0%), with an average age of 64.6 years (range, 41-88 years). A total of 93.4% (482/516) of patients had a positive history for cigarette smoking, and more than one third were current smokers. Patients with diabetes accounted for 28.1% (145/516) of the population. There were no clinically or statistically relevant differences between the treatment groups at baseline.
exercise; quality-of-life and functional status questionnaires, and patient and physician end-of-treatment global therapeutic assessments. A survival analysis of combined all-cause mortality and cardiovascular morbidity was done. For all-cause mortality and cardiovascular morbidity assessment, an independent study committee, blinded to treatment assignment, adjudicated all patient deaths and serious adverse events according to protocol-defined criteria ( Table 1) . Additional safety assessments included adverse events, vital signs, physical examination findings, clinical laboratory results, electrocardiograms, and 48-hour Holter monitoring.
The functional status questionnaires, administered by centralized telephone interview, included the Medical Outcomes Scale Short Form-36(SF-36)-a generalized measure of quality of life, and 2 disease-specific questionnaires: the Walking Impairment Questionnaire (WIQ) and Claudication Outcome Measures (COM). The SF-36 includes 8 subscales that measure patients' perception of their health status in 3 main areas: (1) physical health concepts (bodily pain, physical function, and rolephysical); (2) mental health concepts (social functioning, role-emotional, and mental health); and (3) combined physical-mental health concepts (general health perception and vitality). 6 The WIQ characterizes walking speed, walking distance, and symptoms associated with walking difficulty to assess the degree of walking impairment and efficacy of therapeutic intervention in improving walking ability. 7 The COM assesses the severity of walking pain and discomfort while walking short and long distances, the degree to which claudication pain imposes physical limitations, and the extent to which the pain affects daily and social activities or causes worry and concern. The COM questionnaire was developed by the study sponsor and has not been independently validated. Scores were arranged so that a higher score was always indicative of better functioning.
STATISTICAL ANALYSIS
All statistical analyses were based on the intent-to-treat population (ie, patients having a baseline and at least one postbaseline assessment). For safety analyses, this included all 516 randomized patients. Demographic, medical history, and baseline data were summarized by treatment group and analyzed for comparability across groups using the KruskalWallis test for continuous variables and the Cochran-MantelHaenszel test for categorical variables.
The primary efficacy variables were pain-free and maximal walking distances at week 24. To reduce the variability that is typically seen with walking distance data and the impact of extreme values, pain-free and maximal walking distances were analyzed primarily in terms of the logarithm of the ratio of distance walked over distance walked at baseline. Log transformation allowed analysis of all patient data, since there was no justification for discarding extreme observations. If the Kruskal-Wallis test for these variables was significant, a Wilcoxon rank sum test 8 for pairwise comparisons was performed. The P values for the pairwise tests, cilostazol, 100 mg, vs placebo and cilostazol, 50 mg, vs placebo, were considered the primary inferential evidence, and a P value of .05 or less was considered statistically significant. The per-protocol primary analysis for analyzing treadmill data was last observation carried forward, in which the postrandomization values were carried forward to populate the missing visit data. In addition to the analysis using log transformation, walking distance in meters was provided for a longitudinal clinical perspective.
Secondary efficacy variables included functional status questionnaires, global therapeutic assessment, and survival analysis of combined cardiovascular morbidity and all-cause mortality. For the quality-of-life and patient questionnaires, repeated-measures analysis of variance was used and treatment comparisons were performed using the Kruskal-Wallis and Wilcoxon rank sum tests on change from baseline values. Between-group differences in the global therapeutic assessment were evaluated by the CochranMantel-Haenszel 9 test and in the combined cardiovascular morbidity and all-cause mortality end point by the Kaplan-Meier product limit estimator.
In the analysis of safety data, changes in safety variables from baseline were summarized using descriptive statistics and shift tables as appropriate. A 2-sided Fisher exact test 8 was used to assess adverse events between groups. Table 3 shows the results of the primary efficacy analysis of treadmill data and geometric mean change from baseline using last observation carried forward at week 24, as well as secondary results at the interim time points of weeks 4, 8, 16, and 20. For ease of interpretation, geometric mean change can be converted to geometric mean percent change by the following simple calculation: Geometric Mean Percent Change = [(Geometric Mean) − 1] ϫ 100.
TREADMILL DATA
At week 24, pain-free and maximal walking distances were statistically significantly greater in both cilostazol groups compared with the placebo group. At week 24, the improvement in pain-free walking distance was 59% in the cilostazol, 100 mg, group and 48% in the cilostazol, 50 mg, group compared with 20% in the placebo group (PϽ.001 for cilostazol, 100 mg, twice a day vs placebo and PϽ.001 for cilostazol, 50 mg, twice a day vs placebo). Results were similar for maximal walking distance at week 24, with patients in both cilostazol groups showing improvement: 51% in the cilostazol, 100 mg, group and 38% in the cilostazol, 50 mg, group, compared with 15% in the placebo group (PՅ.001 for cilostazol, 100 mg, twice a day vs placebo; PϽ.001 for cilostazol, 50 mg, twice a day vs placebo).
The superiority of active treatment over placebo was observed as early as week 4 and was maintained at all subsequent time points up to week 24. As shown in Figure 2 and Figure 3 , the magnitude of improvement in both pain-free and maximal walking distances increased over time. Also shown in Table 3 is the mean walking distance in meters walked, which reinforces the significance of the geometric mean change data. Patients taking cilostazol, 100 mg, twice a day nearly doubled their walking distances on the treadmill after 24 weeks of treatment, from a pain-free walking distance of 70.4 m at baseline to 137.9 m at week 24, and a maximal walking distance of 129.7 m at baseline to 258.8 m at week 24. Patients taking cilostazol, 50 mg, twice a day increased their walking distances greater than 1.5-fold after 24 weeks of treatment, from a pain-free walking distance of 66.5 m at baseline to 115.1 m at week 24, and a maximal walking distance of 131.5 m at baseline to 198.8 m at week 24. Treatment-by-center interactions were investigated and showed no significance.
FUNCTIONAL STATUS QUESTIONNAIRES
Improvements in walking distances were paralleled by patients' perceived physical improvements, as assessed by the SF-36, WIQ, and COM. Table 4 summarizes results of the functional status questionnaires at week 24. For the physical health concepts domain of the SF-36, both cilostazol groups were significantly superior to placebo at week 24 in the physical function and bodily pain scales. The role-physical domain improved in the cilostazol groups, although it did not reach statistical significance. There was no significant difference between either cilostazol group and placebo for the mental health concepts domain. For the WIQ at week 24, both cilostazol groups were superior to placebo for walking speed and walking distance. Statistically significant improvements were seen in the following COM scales: walking pain/discomfort, change in walking pain/discomfort, and walking pain/discomfort related to ability to perform physical activities. For all other domains and subscales, the cilostazol groups were not significantly different from the placebo group.
GLOBAL THERAPEUTIC ASSESSMENT
Generally, more patients and investigators judged claudication symptoms at the end of treatment to have been improved by cilostazol than by placebo ( Table 5 ). Significantly more patients in both cilostazol groups rated their outcomes as "better" or "much better" compared with pretreatment: 53.2% in the cilostazol, 100 mg, group, Figure 1 . Disposition of patients in the trial. Asterisk indicates patients did not undergo postrandomization treadmill testing; dagger, adverse event, death, or marked deterioriation; double dagger, failed screening, inability to continue, noncompliance, or lack of response to study drug; and section mark, patients from efficacy intent-to-treat population who completed all treadmill visits. 54.1% in the cilostazol, 50 mg, group, and 37.3% in the placebo group (P = .002 for cilostazol, 100 mg, twice a day vs placebo; P = .01 for cilostazol, 50 mg, twice a day vs placebo). Significantly more investigators evaluating patients in the cilostazol, 100 mg, group vs placebo also rated improvement as "better" or "much better" (48.5% vs 33.1%; P = .003).
CARDIOVASCULAR MORBIDITY AND ALL-CAUSE MORTALITY
A life-table analysis was performed to determine any between-group differences in the incidence of combined cardiovascular morbidity and all-cause mortality. A total of 34 patients met the criterion of cardiovascular morbidity (n = 29) or all-cause mortality (n = 5) as determined by the executive committee ( Table 6 ). Figure 4 depicts the results of the life-table analysis and illustrates no statistically significant differences between treatment groups in the probability of survival without cardiovascular morbidity or all-cause mortality during 24 weeks of therapy (P = .71).
SAFETY
The most common (Ն10% incidence) adverse events judged by investigators to be potentially drug related were headache, abnormal stool samples (ie, loose and soft stool samples), diarrhea, dizziness, and palpitation ( Table 7) . Patients who received cilostazol reported a significantly greater incidence of headache, abnormal stool samples, diarrhea, and palpitation than patients who received pla- cebo (PϽ.05). Most headaches were mild or moderate and occurred during the first 2 weeks of therapy. Six patients discontinued use of study medication because of persistent or severe headache: 4 in the cilostazol, 100 mg, group and 2 in the cilostazol, 50 mg, group. Of the 28 patients who experienced palpitations, most reported them to be mild. Twenty-four (86%) of the 28 patients who reported palpitations had a history of hypertension, cardiac disease, or both. Seven patients withdrew from the study because of palpitation: 4 in the cilostazol, 100 mg, group and 3 in the cilostazol, 50 mg, group. Most cases of abnormal stool samples and diarrhea were mild to moderate. One patient with a history of gastrointestinal problems had continuous, severe diarrhea and withdrew from the study. Significant positive changes were observed in highdensity lipoprotein cholesterol and triglyceride levels in patients receiving cilostazol compared with those receiving placebo. The least-squares mean of high-density lipoprotein increased 0.16 (6.3 mg/dL), 0.09 (3.5 mg/dL), and 0.04 mmol/L (1.7 mg/dL) after 24 weeks of treatment for the 100-mg, 50-mg, and placebo groups, respectively (PϽ.001 for 100 mg vs placebo; P = .18 for 50 mg vs placebo). All 3 treatment groups showed a trend toward reduced triglyceride and low-density lipoprotein cholesterol levels during the study, but greater and more immediate reductions in triglyceride level were observed in the 2 cilostazol groups. Compared with placebo, the leastsquares mean change from baseline for triglyceride level was −1.09, −0.82, and −0.50 mmol/L (-96.9, -72.3, and -44.0 mg/dL) for the 100-mg, 50-mg, and placebo treatment groups, respectively (PϽ.001 for 100 mg vs placebo; P = .046 for 50 mg vs placebo). There was a trend toward reduction in total cholesterol level in patients receiving cilostazol. No other clinically relevant laboratory changes were seen. A dose-dependent increase in heart rate was observed for patients receiving cilostazol. Mean change from baseline in apical pulse at week 24 was 7.2/min, 3.7/ min, and 0.2/min for the cilostazol, 100 mg, cilostazol, 50 mg, and placebo groups, respectively. Blood pressure remained stable during the study, with a slight trend toward a dose-dependent decrease in blood pressure in both cilostazol groups compared with the placebo group. No relevant findings were observed in the other assessed safety parameters.
COMMENT
Patients with intermittent claudication as their only manifestation of lower extremity arterial occlusive disease do not have limb-threatening ischemia, and have several options for symptomatic relief. Percutaneous transluminal angioplasty and arterial bypass are costly, may be associated with significant morbidity or mortality, and should therefore be generally reserved for treatment of severe, incapacitating claudication. 4 Patients with mild-to- moderate intermittent claudication should first be managed more conservatively by modifying risk factors such as smoking, sedentary lifestyle, and diet, which can improve overall cardiovascular risk. 10 However, patients who stop smoking and increase their walking exercise may see only a modest improvement in walking ability, and they must then adapt their lifestyle to a residual disability. Such patients might benefit from a medication that could produce even a limited improvement in walking ability.
Cilostazol has a number of physiological effects that may contribute to symptom relief in patients with intermittent claudication. Cilostazol inhibits platelet aggregation in a dose-dependent manner in the presence or absence of endothelial cells, although their presence potentiates this inhibitory effect. 11, 12 In a small, doubleblind, crossover study, 13 cilostazol inhibited thromboxanestimulated platelet aggregation more effectively than aspirin or ticlopidine hydrochloride. The inhibition of primary and secondary platelet aggregation by cilostazol may have relevance to claudication through reduction in inflammatory cytokines stimulated by the ischemia reperfusion cycle of exercising muscle with a restricted blood supply.
14 Patients with intermittent claudication also have impaired fibrinolysis associated with elevated plasminogen activator inhibitor. 15 Experimentally, the phosphodiesterase inhibitor HL 725 has been observed to decrease plasminogen activator inhibitor messenger RNA levels. 16 However, this clinical trial did not attempt to assess whether such effects occurred. Cilostazol produces mild vasodilation by direct action on vascular smooth muscle by increasing intracellular cyclic adenosine monophosphate. This effect blocks the release of calcium ions from intracellular storage granules, inhibiting contractile protein function. 17 Nonspecific vasodilatory effects such as palpitation or slight heart rate increase were observed in this study, but the significance of this in terms of claudication symptom relief is unknown. Cilostazol also inhibits replication and growth of rat vascular smooth muscle cells in tissue culture. *At the second meeting, executive committee members decided that arterial revascularization should be separated into categories: peripheral vascular disease procedures, which included lower extremity bypasses, and other procedures, which included coronary artery bypass grafts (CABGs), carotid endarterectomies, and renal procedures. †All 7 patients who died are represented in this tabulation. The executive committee classified 2 deaths as stroke and myocardial infarction. rope more than 20 years ago and remains an agent widely used for the treatment of intermittent claudication in the United States. Its mechanism of action differs distinctly from that of cilostazol. Pentoxifylline is a xanthine derivative possessing rheologic properties that improve red blood cell flexibility, reducing blood viscosity and increasing muscular blood flow. 19 Clinical studies 20, 21 have shown that pentoxifylline improves both pain-free and maximal walking distances in patients with intermittent claudication. In a large double-blind study, pentoxifylline improved pain-free walking distance by 59% after 24 weeks of treatment (P = .11) compared with placebo.
The mean change in maximal walking distance in the pentoxifylline group was 38% (P = .19) compared with placebo. 20 However, the clinical benefit of pentoxifylline has been questioned. 22 Newer vasodilators such as nafronyl oxalate 23 and buflomedil 24 have also demonstrated improvement in pain-free walking distance. Platelet aggregation inhibitors such as ticlopidine 25, 26 and metabolic agents such as L-carnitine 27 have also shown some promise in improving walking ability in patients with intermittent claudication.
Patients in this trial were assessed by constant-load treadmill testing at a 12.5% grade and a speed of 3.2 km/h. Criticisms of this method, as opposed to graded treadmill testing, include observations supporting the "learning curve" placebo effect, 28 the problem of using a single stress level for a population with a heterogeneous walking ability, and the likelihood that constant-load testing may underestimate the therapeutic effects of a study medication. 29 Despite this possibility, we showed a clear benefit with cilostazol. We chose to use constant-load treadmill testing because it is well accepted by patients and, more importantly, it provides a consistent comparison with the existing literature for more than 2 decades.
The results of this study showed that cilostazol produces a dose-dependent improvement in treadmill walking distance in patients with intermittent claudication, which progressively increased during the 24 weeks of treatment. At week 24, patients who received cilostazol, 100 mg, twice a day increased their ability to walk without stopping by 129.1 m compared with baseline. Patients who received cilostazol, 50 mg, walked 67.3 m more without stopping compared with baseline. These results are clinically and statistically superior to the 26.8 m increase in maximal walking distance seen in the placebo group. Minor adverse effects were fairly common but usually self-limited and caused only a few patients to ask to discontinue use of the medication.
Cilostazol, 100 mg or 50 mg, twice a day was consistently more effective than placebo in improving walking distances, suggesting that this medication may be a useful new tool in the management of intermittent claudication.
